


Background

Grand Canyon National Park has had a successful prescribed fire program for many years.  The
objectives of the program are to return fire as a landscape scale ecological process, improve
habitat for a variety of plant and animal species dependent on a fire adapted ecosystem, and to
reduce hazardous accumulations of fuel.

As with many areas of the West, suppression of fire on the North Rim of the Grand Canyon over
the last century has resulted in an accumulation of litter (fallen trees, branches, and shed leaves
and needles), as well as an invasion of spruce/fir thickets providing fuel ladders that can result in
catastrophic crown fires.  This unnatural and hazardous fuel load situation was recognized as
early as 1981 (Appendix A).  In 1997 a National Park Service/Department of the Interior review
team recognized the situation and recommended the development of a landscape-level prescribed
fire program for the management of the North Rim forests (Appendix B).

The current fire program operates under the Wildland Fire Management Plan first approved in
1992 and updated in 1993, 1994, and 1995.  An Amendment to the Fire Management Plan was
approved in 1998 to incorporate principles, policies, and recommendations of the Federal
Wildland Fire Management Policy and Program Review.

Introduction

The Outlet Prescribed Fire Project Plan was approved in January 1999.  It covers a 13,824 acre
unit on the North Rim of the Grand Canyon lying between the Bright Angel Creek and Dragon
Creek drainages (Appendix C).

The Widforss burn is a 1030 acre sub-unit of the Outlet Prescribed Fire Project area located west
of the Bright Angel Point developed area. Elevation ranges from 8080 to 8400 feet.  Vegetation
varies from ponderosa pine forests to dense mixed conifer and aspen.  Boundaries to the unit are
the Widforss Trail along the canyon rim on the south and a series of secondary roads on other
sides forming a roughly triangular-shaped area (map Appendix D).  Management of the Widforss
sub-unit began as early as December 1995 with a small section of blackline burned under a
previous burn plan.  Additional blackline was burned in 1997, 1998, and 1999.

The Tiyo sub-unit is located further to the west, south of a large meadow known as The Basin.  It
is an irregularly-shaped, 940 acre area.  The northwest corner lies on the canyon rim above
Dragon Creek (map Appendix E).

Weather conditions in the Outlet Prescribed Fire Project area this year were similar to those
which existed throughout most of the southwestern United States, relatively dry and mild. The
area was just coming out of the second winter season with below normal precipitation.  This
season's precipitation was less than fifty percent of normal. Long-term drought indicators, such
as the Palmer Drought Index, showed conditions to be in the moderate to severe drought range
(Appendix F). On April 15 snow cover on the Widforss sub-unit was estimated at 20-30 percent.
Fire staff decided to take advantage of this situation by conducting an early spring prescribed
burn of the Widforss and Tiyo sub-units.



On April 27, 2000 the planned blackline on the south edge of the Widforss was hand ignited in
preparation to burning the entire sub-unit.  The Tiyo burn was aerial ignited the same day.  A
malfunction of the ignition device resulted in an incomplete or "dirty" burn.  The burns
proceeded for several days.  On the evening of May 9, due to the cumulative effect of several
factors, the Acting Superintendent decided to convert the Outlet prescribed fires to wildland
fires.  The reasons articulated for making this decision were:

•  difficulty in securing resources for the prescribed burns, and

•  forecasted high winds for the next day.

Both burns officially became wildland fires at 0900 May 10.

A previously undetected spot fire from the Widforss sub-unit escaped containment on the
afternoon of May 10 and, driven by strong winds, developed into the 13,000 acre Outlet Fire.
The Tiyo sub-unit remained within the boundaries of its prescribed burn plan.

Grand Canyon National Park Superintendent Robert Arnberger requested an investigation of the
events leading up to the declaration of a wildland fire on May 10.  An interagency team was
selected by the National Park Service leadership at the National Interagency Fire Center in
Boise, Idaho.  This eight person team met in Grand Canyon National Park May 18-22 to
investigate the circumstances leading to the wildland fire declaration.

Investigative Team

The investigative team consisted of:
Co-chairs:

William F. Paleck
Superintendent
North Cascades National Park, National Park Service

Rodd Richardson
Forest Supervisor
Bitterroot National Forest, United States Forest Service

Fire Behavior
Bill Clark
Idaho State Fire Management Officer,
Bureau of Land Management

Prescribed Fire Operations
Bill Wallis
Colorado State Fire Management Officer
Bureau of Land Management



Fire Weather Meteorologist
Ron Hamilton
U.S. Forest Service South Operations, USDA
Riverside, California

NPS Regional Liaison
Stephen G. Jakala
Fire Management Officer
Voyageurs National Park, National Park Service

National Weather Service
Greg Harmon
Meteorologist-in-Charge
Sioux Falls, South Dakota

Writer-Editor
Tom Pittenger
Natural Resources Education Specialist
Grand Canyon National Park, National Park Service

The Superintendent instructed the Team to pursue three objectives (Appendix G):

1. If the Prescribed Fire Plan was adequate given the complexity, objectives and
environmental conditions, and if it complied with NPS guidance set forth in Director's
Order 18 and Reference Manual 18.

2. If the prescription, actions and procedures set forth in the Outlet Prescribed Fire Project
Plan were followed.

3. If prescribed fire training and experience of personnel involved were commensurate
with agency qualification standards.

The Team spent four days in Grand Canyon National Park reviewing documents, conducting
interviews, and preparing this report.  During the investigation over 40 people on both the North
and South Rims of the park and elsewhere were interviewed to gather information on the events
leading up to the change to wildland fire status effective May 10.  The Team also reviewed
numerous plans and voluminous amounts of background material provided by the Grand Canyon
fire management staff.

The team identified, investigated and answered four specific questions:

Did the Prescribed Fire Plan comply with NPS guidance set forth in Director’s Order 18
and Reference Manual 18?

The Outlet Prescribed Fire Project Plan with its supplementing sub-unit plans fully complied
with Director’s Order 18.  In making this determination the Team paid particular attention to



Sections 5.1 (Safety and Health), 5.6 (Prescribed Fire Operations), 5.7 (Prescribed Burn Plans),
5.8 (Prescribed Fire Monitoring), and 5.9 (Fuels Management).

In all respects the Outlet Prescribed Fire Project Plan with its supplementing sub-unit plans
contains all the elements required by Reference Manual 18, except one. These plans do not
include a specific section addressing Test Fires as required by Section B.5 of Reference Manual
18.  It is important to note that despite this omission the Team found evidence that three test
burns were conducted at appropriate times prior to ignitions.  In addition, several of the staff
interviewed stated that a pre-ignition test burn is standard operating protocol for all prescribed
fires in the park.

Was the plan adequate given the complexity, objectives, and environmental conditions?

The Team finds that the Outlet Prescribed Fire Project Plan and the tiered implementation plans
for the Widforss and Tiyo sub-units were not entirely adequate given the complexity, objectives,
and environmental conditions.

While the Team found many areas of the prescribed fire plan to be adequate, the following
paragraphs discuss areas of concern within the plan.

•  The Risk Assessment Summary on pages 4-5 of the Outlet Prescribed Fire Project Plan is
not adequate.  Each risk analysis should contain an identification of the consequences of
failure, a determination of the probability of success, and mitigation factors, including cost of
mitigation.  Values at risk are clearly identified.  The discussion of the probabilities of
success in the plan is less than complete.  The Team believes this assessment does not fully
assist the line officer in appreciating the probability of success or failure regarding both
maintaining control and achieving resource objectives.  The assessment should weigh risks
associated with achieving resource objectives where they conflict with control objectives.

•  Pre-burn Considerations on- and off-site are listed in general terms on pages 18-20.  These
considerations are important and are the same ones found in all the Grand Canyon National
Park burn plans reviewed.  The Team finds that these preparations are not sufficiently
detailed for a prescribed burn of this complexity.  Each burn sub-unit in the Outlet Prescribed
Fire Project should have details as defined in Reference Manual 18 B.5, Prescribed Fire
Implementation Actions, specifically tailored to the prescribed burn sub-unit being
undertaken.

•  Burn Plan Prescription Parameters are too broad, intending to cover all possible geographic
areas and fuel types on the entire Outlet Prescribed Fire Project area.  Most of the
prescriptive elements found on page 21, including temperatures, wind, and relative
humidities, give such a broad range they become almost meaningless.  The Team believes
these ranges are an attempt to address a broad spectrum of fuel types and conditions
including the difference between spring and fall burn windows.

The most important parameters in the prescription are flame length, rate of spread, and
spotting distance, since they link directly to the resource and control objectives. The Team



questions whether prescribed intensities and flame lengths (both upper and lower) given in
the full "Range" prescription can always meet resource objectives.  The Team also questions
if the high-end flame lengths can meet control objectives in all locations on the Outlet
Prescribed Fire Project area.

When spotting distances are used as prescription parameters, they should be used in
combination with a probability of ignition (PI) in non-target fuels.  There also should be an
explanation about when spotting distances should be calculated.  In some cases spotting into
the burn unit may not need monitoring.

•  The Outlet Prescribed Fire Project Plan requires minimum holding and escape resources of
a helicopter with bucket and a Type 5 engine within a two hour response time.  Otherwise,
there are no specific minimum Holding and Escape resource requirements that are tied to
actual or potential fire behavior.  In landscape-level prescribed burns there needs to be
documented "triggers" which guide the burn boss in building or "ramping up" holding and
escape forces.  Likewise, these plans treat holding and escape forces needs identically in
spring and fall burn windows.

•  The issue of adequacy of test burn documentation is covered under the first question.

•  With respect to burn organization, the Team found three charts.  Each was slightly different.
While the Team found each position was filled (sometimes with collateral duties), roles were
not well documented and communicated.

The Team also is unclear about the required minimum number of personnel on each burn
sub-unit and their minimum required qualifications.  Though the Outlet Prescribed Fire
Project is rated as complex, the Widforss sub-unit was treated as a moderate complexity.
The Team found no clear documentation of the complexity analysis that guided this
approach.

Were the prescription, actions and procedures set forth in the Outlet Prescribed Fire Project
Plan followed?

The observed and documented fire behavior was within prescription parameters set forth in the
Outlet Prescribed Fire Project Plan during the course of the prescribed fire operations, from
ignition on April 27 through 0900 May 10, 2000 (Appendices H, I).

The Team found no clear violations of actions or procedures identified in the plan.  However, the
Team could not find any documentation or evidence of the following:

•  Signed Go-No Go Checklists covering the period April 28 through May 5.

•  Written instructions for ground firing sequences, either in the plan or in daily action plans.

•  Aerial Ignition Operations Hazards Analysis and Aviation Operations plans with a firing map
and landing locations, although thorough oral briefings were given.



•  Locations for road signs covering closure and notification to the public.

In the opinion of the Team none of these apparent omissions contributed to the conversion to a
wildland fire.

Was the prescribed fire training and experience of personnel involved commensurate with
agency qualification standards?

All personnel involved in implementing the Outlet Prescribed Fire meet existing National
Wildfire Coordinating Group standards.  Grand Canyon National Park supervisory fire personnel
involved in the Outlet Prescribed Fire are highly experienced in prescribed burning as well as
fire suppression operations.

Best Practices

In the course of our investigation the Team identified several elements of the Grand Canyon
Prescribed Fire Program as practiced on the Outlet Prescribed Fire Project that merit listing in
this report.

•  Notifications to park staff, cooperators, the general public, and other interested parties before
and during the prescribed burn were excellent.  The protocols established for this practice are
comprehensive and were fully executed.

•  Daily briefings and debriefings of all personnel involved on site in the prescribed burn were
frequently identified as a positive hallmark of the burn operations.  Several of those who
were interviewed commented on the quality, content and openness of these briefings.

•  The relationship between staff at the National Weather Service in Flagstaff and the
prescribed burning staff at Grand Canyon is a collaborative partnership.  The Team believes
that it sets a standard for emulation elsewhere.

•  Fire staff at Grand Canyon are clearly enthused by the support and encouragement they
receive from Superintendent Robert Arnberger and his management team.  Their passion to
develop and conduct a state of the art comprehensive fire management program of the
highest professional order is impressive.

Conclusions

The Investigative Team is unanimously impressed with the overall competence, professionalism
and accomplishments of the Grand Canyon Prescribed Fire Program.  We have identified
specific areas for improvement in the level of documentation provided in future burn plans, as
well as documentation of actions taken during the conduct of prescribed burns.  However, the
program itself is fundamentally sound.



Since at least 1981 forest and fire ecologists as well as fire management specialists have
documented the severely hazardous accumulations of forest fuels on the North Rim of the Grand
Canyon.  It is clear that the park took the recommendations of the 1997 review performed by fire
program specialists from the National Interagency Fire Center and the Department of the Interior
as a charge to become more aggressive in the re-introduction of fire to the North Rim on a
landscape level. While maintaining a priority on public and fire staff safety as well as tying
prescribed burning directly to desired resource objectives they revised their burn plans to put
more latitude in the hands of their highly qualified command staff to take greater advantage of
prescription “windows” as they arose.  During 1998 and 1999 they prescribe burned a total of
over 16,000 acres. That level of accomplishment, performed without incident, is notable.

Nevertheless, the Outlet Prescribed Fire was converted to a wildland fire that subsequently
covered over 13,000 acres and cost millions of dollars to contain.  After considerable review of
available documents, interviews with the principal parties involved in the prescribed burn, and
extensive discussion amongst ourselves we believe that there were clearly two interconnected
reasons why this happened.

•  The available fire leadership at Grand Canyon was spread too thin for too long a period of
time.  Too many members of the fire management leadership team were out of the park on
other important fire assignments for too long a period of time during this burn operation.
That forced those remaining in command positions at the park to assume multiple duties and
roles while the prescribed burn was active.  This diverted their focus and drained their
energies.

•  The Outlet Prescribed Fire Project Plan did not contain any clearly documented benchmarks
or “triggers” detailing a necessary escalation in the minimum holding/escape/contingency
resources required as the complexity and size of the prescribed burn increased.  The
overstretched command staff was, in this situation, working at an increasingly fevered pace
without the benefit of pre-set guideposts to show them they were under-staffed.

Again, the prescribed burn program at Grand Canyon National Park is fundamentally sound.
Continuation and even expansion of current program levels is absolutely necessary to safeguard
the park from the effects of nearly 100 years of fire exclusion.  However, the issues of overtaxed
fire leadership and absolute benchmarks of resource requirements that respond to increasing burn
complexity must be addressed.

Closing

In closing the Team would like to thank the Superintendent and staff for their logistical support
and administrative assistance.  The park prepared four large binders of pertinent background
materials (plans, radio logs, daily reports, weather and fire behavior observations, press releases,
etc.) that were ready for us upon arrival.  All requests for additional documents were readily
supplied when available.  Those interviewed were candid and straightforward in their responses
to our questions.  While understandably anxious, the Team's general impression was that the
park viewed their work as a means to find ways to improve the program and to avoid the
recurrence of an Outlet Wildland Fire.



We are a relatively small team that worked under a tight deadline.  Even so, the Team believes
that no significant facts pertinent within the scope of our delegation of authority escaped
attention.
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Memorandum:
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Memorandum

To: Superintendent, Grand Canyon National Park

From: Steve Botti, Fire Program Planning Manager, Fire Management Program Center,
NIFC
Jim Douglas, Senior Fire Policy Advisor, DOI Office of Managing Risk and Public
Safety
Wally Josephson, Fire Management Specialist, DOI Office of Managing Risk and
Public Safety
Steve Tryon, BLM Budget Analyst, DOI Office of Budget

Subject: Hazard Fuels Reduction Program Analysis and Site Visit, North Rim of the Grand
Canyon

On August 12, 13, and 14, 1997 we reviewed Grand Canyon National Park’s prescribed burning
program on the North Rim, along with the fire history and forest ecosystem restoration research
currently being conducted by Northern Arizona University at Mt. Trumbull and on the North
Rim. We wish to express our appreciation to the park staff for participating in this review and
assisting with arrangements. Special thanks are due Dan Oltrogge, Bob Winfree, Ken Kerr, Steve
Bone, and Johnny Ray for their insights into fire and ecosystem management issues as well as
the their willingness to discuss the socio-political context within which these issues must be
viewed by park management.

As you know, both Secretary Babbitt and Congress have expressed strong interest in reducing
the number of large wildfires along with their accelerating costs and resource damage. In support
of this goal, they have advocated expanded hazard fuels treatments and restoring forest health
through fire use and mechanical treatments. Since the prescribed burning and mechanical fuels
treatment programs on the North Rim and at Mt. Trumbull may establish significant interagency
precedents for how to accomplish these goals, we felt that it would be beneficial to have a group
of Interior fire policy and budget officials review the current situation. We all felt that this trip
was informative and beneficial in the continuing debate over the proper mix of methods to
achieve fuels and ecosystem management goals.

We commend the staff of Grand Canyon National Park for their willingness to explore
innovative and challenging solutions to the difficult fire management problems on the North
Rim. The NPS Fire Management Program Center and the Department will strongly support your
efforts.

The attached trip report provides a synopsis of our impressions on these issues following our
brief site visit.



TRIP REPORT: NORTH RIM OF THE GRAND CANYON FIRE MANAGEMENT
PROGRAM REVIEW

August 12-14, 1997

Steve Botti
Jim Douglas
Steve Tryon
Wally Josephson

The North Rim has been selected as a study site for research on mechanical restoration of pre-
settlement forests conducted by Dr. Wallace Covington at Northern Arizona University. That
research, combined with the on-going prescribed natural fire and prescribed burning programs by
the National Park offers an excellent opportunity to compare and contrast the relative
effectiveness and practicality of prescribed fire and mechanical fuels removal for restoring
natural forest structure and reducing fuels that have accumulated far beyond the natural range of
variability. The debate on this issue between university scientists, park scientists, foresters, and
fire managers has continued for the past 17 years. Recently, the debate has become national in
scope as hazardous fuels accumulations have generated ever increasing numbers of large,
intense, and damaging wildfires. Therefore, the results of the North Rim experiments and
analysis may have applicability throughout many forests in the West.

While it is too early to predict the final outcome of this debate, we do wish to share some
observations on current and proposed fire management activities on the North Rim, within the
broader context of similar fuels and ecosystem problems throughout ponderosa pine and mixed
conifer forests in the West.

The park and adjacent national forest have recognized for some time that the north rim forests
have an unnaturally dense growth of under story trees due to the suppression of lightning fires
and the cessation of aboriginal ignitions in the late nineteenth century. The continued
encroachment of these “ladder” fuels under what was naturally an open canopy of pines and firs,
together with the heavy accumulation of dead and downed fuels, has created the potential for
widespread crown fires that will further disrupt the natural ecosystem and endanger public
safety, cultural resources, park facilities, and market resources on the Kaibab National Forest.

The park has attempted to reduce this threat by prescribed burning several blocks on the North
Rim. Unfortunately, prescribed burning on the North Rim has met with limited success. The
suppression of both the Matthes Prescribed Burn and the Northwest III Prescribed Burn, along
with concern over smoke impacts, has led to a conservative approach to reintroducing fire as a
management tool for restoring the forest ecosystem and reducing hazardous fuels. It was clear
from this meeting, however, that the park staff now supports a more aggressive prescribed
burning and fuels treatment program using the full range of tools available.

At this and other meetings, and in published literature, some experts have expressed the opinion
that prescribed burning in ponderosa pine/mixed conifer forests with heavy fuel accumulations
and fuel ladders is too risky, both to burn team personnel and to natural and cultural resources



unless the forest is first mechanically thinned and the resulting biomass removed. This belief is
reflected in the philosophy and methodology of Dr. Wallace Covington and his team from the
College of Ecosystem Science and Management at Northern Arizona University. Testing the
truth of this hypothesis should be a central component of the Park’s fire management program
over the next five to ten years. In order to help resolve this question, we recommend that the park
begin to analyze the ten years of fire effects monitoring data that it has collected on past
prescribed burns. These data will reveal whether long-term vegetative response and fuel loading
trends are meeting management objectives. Both the fire management staff and the natural
resources staff expressed an interest in completing this work, but so far little has been
accomplished. The Inter-mountain regional fire staff has offered to assist with this effort if
needed, and the national fire office also would be happy to arrange for data analysis support. It is
critical that this analysis be completed in conjunction with similar work on the NAU plots in
order to compare the results of the different methods. If the park implements a more aggressive
prescribed burning program, as planned, it will be essential that fire effects data be collected and
evaluated to determine the baseline conditions of fuels, forest structure, and key ecosystem
components, and long-term changes produced by the burning.

While the level of hazardous fuels on the North Rim is a difficult management problem, it is not
without precedent in the Service. Fuels accumulations in other ponderosa pine/mixed conifer
ecosystems, such as in Yosemite, Sequoia & Kings Canyon, Lassen and Crater Lake national
parks are equally as great, and in some cases present greater management difficulties. It has yet
to be proven that either prescribed burning alone or in combination with mechanical treatments
can correct the fuels problem quickly enough to prevent large, catastrophic wildfires. However
the risks of no action far outweigh the risks of prescribed fire or mechanical thinning. There is no
doubt that without intervention to modify the fuels complex, a unnatural and catastrophic
wildfire will sweep across tens of thousands of acres on the North Rim within the next few years.

Dr. Covington’s Forest Ecosystem Restoration Project offers one possible solution to this
dilemma. By removing up to 90 percent of the forest and shrub biomass, and restoring a “pre-
settlement” forest canopy, the NAU experiment has substantially reduced the wildfire risk on Mt.
Trumbull and elsewhere in Northern Arizona. Whether this model truly mimics presettlement
ecosystem conditions is still to be proven, as is whether these vignettes of the pristine ecosystem
can be expanded to landscape scale in Grand Canyon National Park.

The principal advantages of the NAU approach are as follows:

•  Risk to personnel safety, developments and resources from prescribed fire escape is
reduced.

•  The model for dating trees produces a specific target forest overstory structure as a
management goal.

•  Hazardous fuels are removed and the resulting forest structure permits the immediate
restoration of a natural fire regime, or prescribed fire to mimic the natural regime.

•  The forest restoration system generates income through the sale of timber, which can be
used to partially pay for the treatment.

•  The sale of timber and firewood can be beneficial to the local economy.



•  Political, social, and regulatory problems associated with large smoke emissions from
prescribed burns is reduced. The problem is not eliminated because the NAU
methodology calls for follow-up prescribed burning to clean up debris left by the thinning
operation and to restore the natural fire process into the fire dependent ecosystem.

The principal disadvantages of the NAU approach are as follows:

•  Removing up to 90 percent of the trees throughout the North Rim would create intense
public controversy by producing a significant impact on traditional visitor expectations
for visual quality and natural quiet in a national park.

•  Logging operations may conflict with the proposed wilderness designation of much of the
North Rim.

•  There may not be enough time to complete extensive mechanical fuels removal before a
catastrophic wildfire occurs. Such an event would destroy any possibility of mechanical
ecosystem restoration for many decades. The experience on Mt. Trumbull indicates that
logging and slash burning a few acres per year is no easy task. The logistical difficulties
of treating thousands of acres per year would be even more daunting. Prescribed burning
thousands of acres of slash would present significant control difficulties. If left unburned,
such slash might increase the potential for catastrophic wildfire, as has proven the case on
many logging sales throughout the west. Burning slash from the ecosystem treatments on
one block on Mt. Trumbull severely scorched and killed many of the leave trees and
almost escaped control. The number of trees to be removed throughout most North Rim
areas would be at least twice as many as on the Mt. Trumbull plot; thus safely treating the
slash would prove even more difficult.

•  The restoration work produces hundreds of stumps per acre, which become prominently
visible after burning the slash. These stumps will remain visible for many decades.

•  Restoring the presettlement shrub/herbaceous components following this treatment
methodology appears more difficult and less successful that the immediate restoration of
presettlement ponderosa pine. There is less quantitative data about the nature of these
components in presettlement times, and the extensive ground disturbance with logging
machinery, skid trails, and slash burning create an ideal environment for non-native weed
species to invade.

•  Despite income from logging sales, extensive tree thinning may prove prohibitively
expensive compared to prescribed burning.

The difficulties associated with large-scale prescribed burning on the North Rim are well known.
Smoke impacts together with the potential for fires to escape prescription will always remain a
problem. However, it appears that a greatly expanded program to utilize fire as a management
tool offers the best hope for preventing catastrophic wildfire and restoring the natural ecosystem
in the long run. Many of the mistakes of the past can be avoided by utilizing the new funding for
hazardous fuels operations to procure the necessary resources to carry out large-scale burns on an
opportunistic basis. The Grand Canyon fire management staff have already recognized this
approach, and are now utilizing aerial ignition to burn large areas whenever favorable weather,
fuel moisture and smoke dispersal windows occur.



Planned ignitions, possibly coupled with mechanical thinning, can be used to treat key areas to
create buffers and protect boundaries. Once key areas are secured, lightning fires can be used on
a more extensive basis to achieve management objectives. Now that new NPS fire policy has
eliminated the rigid division between a suppression fire and a prescribed natural fire,
management has the option to use multiple management strategies on individual fires to protect
resources at risk while using a fire to achieve resource objectives in other areas.

The belief that forests across the North Rim have uniformly drifted far away from their natural
state and are characterized by heavy concentration of hazardous fuels was not supported by our
observations. Many areas of ponderosa pine forest still retain their natural open character, and
could be prescribed burned with little difficulty. Other stands are probably are not as open as
they were in the 19th century, but also have not produced excessive concentrations of fuels that
would prohibit prescribed burning without preliminary mechanical treatments. The 1994 Report
on the North Rim Hazard Fuels Situation recognized this fact, and recommended that these areas
serve as the initial focus of a restoration program, to be followed by the treatment of more
difficult areas. This is still good advice. Maintaining these areas while gradually expanding
buffers around the areas of greatest hazard will reduce the threat of an escaped prescribed fire.
Prescribed fire treatments should accelerate once the worst problem areas are isolated.

Mechanical removal of some trees and downed fuels may be another useful “tool in the toolbox”
for managers. It could be used to create buffers along roads, along other key boundaries, and
around developments so that prescribed fire can be used more safely. Dr. Covington’s ecosystem
restoration experiment will provide a basis for evaluating the short and long-term effects and
benefits of mechanical fuel removal. The park is to be commended for broadening the scope of
the research to include a comparison with direct introduction of prescribed fire and an
intermediate treatment involving removing enough biomass to restore the forest to within the
range of natural variability, without complete restoration to the 1870 presettlement target.
Selective thinning to restore the forest to the upper end of fuels variability will allow safer
prescribed burning in some areas and more rapid restoration of the natural fire process. However,
selective thinning of under story trees combined with moderate intensity prescribed fire may
remove fuel ladders, but also fire-proof the sub-canopy trees that have grown above 50 feet tall
during the past 120 years. The unnatural density of these trees will continue to provide an avenue
for wind-driven crown fires for some time if they are not thinned by fire or mechanically. A
possible solution to this problem would be to mechanically remove some of these trees rather
than the smaller under story ones, and then use prescribed fire to thin the smaller trees. This
would allow the use of safer, more moderate intensity prescribed fires while still achieving the
desired open forest structure in the long run.

An inspection of the Matthes and Northwest III prescribed burns, which were suppressed for
escaping or threatening to escape prescription, revealed long-term ecosystem and fuels reduction
effects that compare favorably with the Mt. Trumbull experiments. Areas on the Northwest III
fire that were considered “too hot” for prescription actually produced excellent thinning of under
story trees while scorching fewer of the presettlement ponderosa pine than did a slash burn on
Mt. Trumbull. Areas that “torched” on the Matthes and Northwest III fires also produced an
excellent regeneration of native shrubs and herbs without the need for reseeding or planting. So
far, this has not been true on Mt. Trumbull. Numerous studies over 30 years in the ponderosa



pine mixed conifer forest has confirmed that localized “hot spots” were a natural occurrence and
helped maintain the uneven aged mosaics of even aged trees in the forest. Any prescribed
burning program on the North Rim should allow for such hot spots and their beneficial
ecological effects.

As compared with Mt. Trumbull, the only problem with fire effects on the Matthes and
Northwest III fires was the large number of standing dead trees, which will fall in future years to
increase fuel loading once again. This problem can be solved by multi-stage burning over 10-20
years, in which subsequent burns remove incremental amounts of the dead trees as they fall to
the ground. The problem throughout most western parks in this regard has been the lack of
determination and resources to complete the second and third generation prescribed burns on a
reasonable schedule. In summary, we believe that the park’s existing program to restore a more
natural ecosystem and reduce hazard fuels through prescribed burning and the opportunistic use
of unplanned ignitions should not be stopped or reduced in favor of an emphasis on the NAU
approach of mechanically removing trees and burning slash. In fact, the prescribed burning
program should be accelerated wherever possible utilizing the additional funding provided in the
1998 appropriation. Congress and the Administration have both recognized the time-urgency of
addressing the hazard fuels problem, and the North Rim provides an excellent opportunity for the
NPS to provide leadership in this area. The NAU research will provide additional information on
the fire history of the North Rim and the viability of mechanical fuels removal. In time, NAU
treatment methods may be used to augment the prescribed burning program, and accelerate
restoration of natural fire regimes on the North Rim.



Appendix C

Map of Outlet Fire Project





Appendix D

Map of Widforss Sub-unit
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Map of Tiyo Sub-unit
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Drought Severity Index
April 22, 2000
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Outlet Prescribed Fire Project
Prescription Parameters

Fire Behavior Chronology
May 21, 2000

Prescription parameters for the Outlet Prescribed Fire Project covering the Tiyo and Widforss
sub-units cover a wide spectrum of potential fire behavior. This maximizes windows of
opportunity for conditions which will enhance burning to meet the project objectives.  This range
does include some extreme possibilities should the hottest, driest, and windiest conditions be
selected at the same time.  At this extreme edge the resource and control objectives can not be
met.  However, observed fire behavior and calculated fire behavior for the conditions that existed
between 4/27 and 5/09/2000 were well within prescriptive criteria to meet the resource and
control objective in the plan

Ignition began on 4/27 on the both sub-units.  The Tiyo sub-unit was an aerial ignition within
established control lines, while the Widforss sub-unit consisted of hand ignitions to complete
control lines prior to aerial ignition.  The Widforss burn hand ignitions produced low intensity
burning within the surface fuels with flame lengths under 1 foot in the shaded areas and
moderate fire behavior in the more open exposed fuels.  This lower level of activity resulted in
repeated re-entry over previously ignited areas in an attempt to achieve meaningful consumption
to meet control objectives in the shaded areas.

Observed fire behavior throughout the duration of the prescribed burn were flame lengths of <1-
3 feet in surface litter to over 8 feet in jackpots of downed woody fuels.  Most spread was slow
surface movement with occasional torching of single to triple trees.  This limited torching
produced firebrands which resulted in short range spotting up to 300 feet.  The predominate
spotting direction was into the burn unit until May 9th when winds shifted to the north and west.
Interior torching then became a concern as these shifting winds sent short-range spots over the
control lines to the east.  Since spot fires were active outside the control lines, firing ceased and
all detected spots were contained by available holding forces during that operational period.

In summary the predicted, observed, and verified fire behavior during the prescribed fire
behavior operations were well within acceptable limits to meet stated resource and control
objectives identified in the Outlet Prescribed Fire Project Plan.



Appendix I

Weather reports compiled from field reports and National Weather Service



Prior to the recently completed National Weather Service (NWS) Modernization and
Restructuring in Arizona, all fire weather products and services to the Grand Canyon National
Park were provided by NWS Phoenix. On September 10, 1999, the NWS Flagstaff Meteorologist
in Charge certified operational staff readiness to support the Fire Weather Program, effective
October 13, 1999. Before program assumption, the forecast staff at NWS Flagstaff engaged in a
2 l/2 year fire weather “spin up”. This included hands-on training in the preparation of routine
and special forecast products, completion of fire weather training courses, and extensive liaison
with key land management officials in their forecast area, including those from the Grand
Canyon National Park.

Preceding and including the period of time of the Outlet Prescribed Fire Project, routine
forecasts, site specific “spot weather” forecasts, Fire Weather Watches and Red Flag Warnings
(forecast products) were provided to the Grand Canyon NPS by NWS Flagstaff.

A detailed analysis was done for all the NWS Flagstaff fire weather products from April 27,
2000 to May 10, 2000. A similar review was conducted for the NPS weather observations taken
on the project. It was very apparent from our analysis, coupled with personal interviews of
various NPS and NWS personnel, that an excellent working relationship existed between the
NPS in Grand Canyon and the NWS in Flagstaff during this period of time.

The NPS weather observations provided to the NWS and the NWS fire weather forecast products
to the NPS were all received in a timely manner. These same NWS products also included the
appropriate weather elements and were sufficiently accurate for the NPS to make proper
management decisions during this Project. These written products were enhanced through
numerous telephone coordination calls. We found no instances during this review period where
NWS forecast products were grossly inaccurate, untimely or not received by the NPS. In fact, the
forecast of expected high winds the next day, provided by the NWS on May 9, 2000, was a
factor in the decision of the NPS to reclassify the prescribed burn as a wildland fire, prior to the
arrival of these winds.

The following is a daily chronology of weather-related information and a time line of spot
forecasts issued by the NWS in Flagstaff for the period April 27, 2000 to May 10, 2000.

Daily Chronology of Weather-related Information

April 27
Onsite observations
0942 & 0950  Began test fire
0956 Will start ignition at Trail Head South
11:37 Broadcast Spot Weather Forecast for burn
1310 Torching...relative humidity 20-23%
1452 Fire behavior excellent



NWS Products
0730 & 1500 Presuppression Forecast
1115 Spot Weather Forecast

April 28
Onsite observations
Surface winds squirrelly and high wind above surface. High winds did not push the fire.
Low fire behavior. No runs observed within fire.

NWS Products
0730 Presuppression Forecast. Highlight: “Red Flag Warning 11am to 7pm for low
relative humidity, strong winds, and high fire danger.”
1115 Spot Forecast

April 29
Onsite observations
Fire behavior remained unchanged. No weather observations.

NWS Products
0730 Presuppression Forecast with a 10:15am update
1115 Spot Forecast

April 30
Onsite observations
Fire behavior remained unchanged. No weather observations.

NWS Products
0730 Presuppression Forecast

May 1
Onsite observations
No weather or fire observations.

NWS Products (Begin twice daily “fire season” presuppression forecast services)
0730 and1430 Presuppression Forecast

May 2
Onsite observations
1100 wind 10-15 mph from east
1200 & 1300 wind 10-15 mph from east with gusts to 25
1500 wind calming down
1700 wind 5-10mph

NWS Products
0730 and 1430 Presuppression Forecast



May 3
Onsite observations
0930 Fire behavior has calmed down since last night at site 1

Fire behavior at site 2 has progressed nicely
1030 wind light and variable
1300 71 degrees...relative humidity at 33%...wind southeast 2-3 mph
1700 Wind increase pushing site 6 to the northwest. Site calms down after 45

minutes...no threat to line.

NWS Products
0730 and 1430 Presuppression Forecast

May 4
Onsite observations
0800 Hot spot at site 8

Fire activity decreased greatly overnight
1000-Noon Southeast 5-10 mph
1300 Wind southwest 5-10 mph...relative humidity 18%
1500-1700 Wind southwest 5-10 mph with occasional overhead gusts throughout the

day

NWS Products
0730 and 1500Presuppression Forecast

May 5
Onsite observations
Trail marker 8 - Hottest activity begins
0937 Winds picking up overhead
1053 Overhead winds increasing 20-25 mph...ground wind 5-10 mph with gusts to 15
Noon Southwest 5-10 mph...relative humidity 25%
1300 Southwest 10-15 mph gusts to 25 mph...relative humidity 27%
1400 Gusty south winds 20-25 mph...relative humidity 28%
1500 Southwest winds 10-15 mph. Since cloud cover moved in things have calmed

down a lot, but winds continue to gust on and off
NWS Products
0730 and 1500 Presuppression Forecast. Both forecasts highlight “Red Flag Warning

from 1100- 1900 for strong southwest winds and low relative humidity”.

May 6
Onsite observations
0800 Minimal fire activity
1000 Cool - overhead winds not hitting ground
1400 Overhead winds picking up
1600 Overhead winds continuing to pick up but minimal ground contact.



NWS Products
0730 Presuppression Forecast...updated at 10:45am for “Red Flag Warning 11am-7pm

for strong winds and low relative humidity”.
1500 Presuppression Forecast continued Red Flag Warning until 7pm

May 7
No observations/remarks/log sheets

NWS Products
0730 Presuppression Forecast...updated at 10:30am for Red Flag Warning, but Grand

Canyon not included in the Warning
1500 Presuppression Forecast

May 8
Onsite observations
Started test fire at 1633 for proposed Widforss burn
Maximum wind 3-5 mph mainly from the south...minimum relative humidity 32%

NWS Products
0730 and 1500 Presuppression Forecast

May 9
Onsite observations
Test fire at 1020 for Widforss burn
1028 Began blacklining
Through 1030 wind 2 mph or less...minimum relative humidity 30%
1115 Request Spot Weather Forecast
1133 Operations normal
1243 Spot Weather Forecast read from Dispatch
1438 Stop ignition

NWS Products
0730 Presuppression Forecast
1215 Spot Weather Forecast
1500 Presuppression Forecast...included headline “Fire Weather Watch for Wednesday

for strong winds and low relative humidity”.
May 10

Onsite observations
late morning weather...wind southwest 3-5 mph with gusts to 8 mph...minimum relative

humidity 30%
1236 Spot Weather Forecast read
1310 Spot Weather Forecast remedied to include a Red Flag Warning
1636 Can’t get any air tankers - too high winds. Fire activity not bad considering wind

speeds
1644 Fire activity picking up
1705 Max RH 25-35%. Faxed afternoon weather to North Rim (Kim)



1805 Fire activity should be the same tomorrow as today (Kim)
10:58 From NWS Flagstaff: Expecting winds to stay high with gusts to 40 mph

NWS Products
0730 Presuppression Forecast with headline “Very Windy Today and Tomorrow”
1215 Spot Weather Forecast
1315 Spot Weather Forecast with Red Flag Warning headline
1500 Presuppression Forecast with Red Flag Warning through 7pm and Fire Weather

Watch headline for Thursday (next day)

Time Line of Spot Forecasts issued by NWS Flagstaff for the Outlet Prescribed Burn

4/27/00 1115
Synopsis Summary: Another day of low RH values and near record warm high temps. An
approaching trough will bring cooler weather...higher RH values...and stronger winds to the burn
site by Friday and will continue through the weekend.

Today...min RH 10-16 percent
Winds becoming southwest 8 to 13 mph

Outlook for Friday...min RH 13-20 percent
Winds downslope/downvalley 3-6 mph through 1000L becoming south to southwest 10
to 20 mph with afternoon gusts to 25 mph

4/28/00 1115
Synopsis Summary: Red Flag Warning Until 1900 today....cold front will move across northern
Arizona later tonight and Saturday...southwest winds of 20-30 mph with higher gusts...in
addition...relative humidities will be low 10-15 percent) across the burn area.

Today...min RH 10-15 percent
Winds southwest at 20-30 mph

Tonight...max RH 65-75 percent
Winds southwest at 20-30 mph until 1900 then southwest at 5 to 15 mph

Outlook for Saturday...min RH 14-19 percent
Winds west at 15 to 25 mph

4/29/00 1135
Synopsis Summary: A weak weather disturbance will move across Arizona today and settle over
New Mexico for the remainder of the weekend. This system will produce breezy west winds
across the burn area this afternoon behind a weak cold front. As the system moves eastward
winds will shift to the northeast on Sunday with locally breezy conditions.



Today...min RH 15-20 percent
Winds west at 15 to 25 mph

Tonight...max RH 40-50 percent
Winds west at 15 to 25 mph until 1900 then downslope/downvalley at 3 to 6 mph

Outlook for Sunday...min RH 13-18 percent
Winds northeast at 10-20 mph

Time gap of 9 days...Dispatchers report that Spot Forecast requests are made only when park
managers are “actively burning.”

5/9/00 1215
Synopsis Summary: A weather disturbance will approach from the Pacific with increasing winds
across the burn area. Expect breezy conditions by late this afternoon with windy conditions on
Wednesday as the Pacific system moves closer to Northern Arizona. General breezy to windy
conditions are expected during the daytime hours into the weekend.

Today...min RH 20-30 percent
Winds southwest at 15 to 25 mph

Tonight...max RH 40-50 percent
Winds southwest at 10-20 mph until 1900 then diminishing to southwest at 5 to 15 mph

Outlook for Wednesday...min RH 12-17 percent
Winds southwest at 20-30 mph with gusts to near 40 mph

5/10/00 1215
Synopsis Summary: A weather disturbance moving across the West will produce very windy
conditions over the burn area today. Winds will begin to diminish after sunset but remain breezy
overnight. Only moderate RH recovery is expected overnight. On Thursday...dryer air will move
across the area. With windy conditions expected to continue the fire danger will remain quite
high. Breezy to windy conditions are expected during the daytime hours into the weekend.

Rest of today...min RH 15-20 percent
Winds southwest at 25 to 35 mph with gusts to 45 mph

Tonight...max RH 25-35 percent
Winds southwest at 20-30 mph until 2100 then becoming southwest at 10- 15 mph with
some higher gusts

Outlook for Thursday...min RH 8-13 percent



Winds southwest 10-15 mph until 0900 then becoming southwest at 25-35 mph with
higher gusts

5/10/00 115 pm UPDATED
Synopsis Summary: ...Red Flag Warning Continues Until 2100...Disturbance moving across the
West will produce very windy conditions over the burn area today. Winds will begin to diminish
after sunset but remain breezy overnight. Only moderate RH recovery expected overnight.

Rest of today...min RH 10-15 percent
Winds southwest at 25 to 35 mph with gusts to 45 mph

Tonight...max RH 25-35 percent
Winds southwest at 20-30 mph until 2100 then becoming southwest 10-15 mph with
some higher gusts

Outlook Saturday...min RH 8-13 percent
Winds southwest 10-15 mph until 0900 then becoming southwest at 25-35 mph with
higher gusts

5/10/00 1115
Synopsis Summary: A Pacific cold front stretched from Milford Utah southwest to just north of
Las Vegas NV at 2300 tonight. A very tight surface pressure gradient exists between the fire site
and the cold front. At the fire site...surface winds are not expected to go into a downslope down
valley regime tonight due to the proximity of the surface cold front. In fact wind...southwest
wind gusts over 40 mph are expected through the night. At this time the front is expected to pass
the fire site between 0400 and 0700 Thursday morning. Winds should shift to the west and west
northwest later in the morning. The front is very dry...in fact dew points were falling behind the
front. So little significant change in max and min RH values are expected.

Rest of tonight...max RH 34-40 percent
Winds southwest 18-28 mph with gusts to near 50 mph

Thursday...min RH 8-13 percent
Winds southwest 20-35 mph with gusts to near 50 mph through 0700 becoming west 20-
35 mph with higher gusts

Outlook for Thursday night...max RH 40-47 percent
Winds northwest 5-15 mph


